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v;*) Substituted •1,3-oxathiolanes with antiviral properties. 
0 Disclosed are compounds of the formula 

R^OCH 



^ wherein Ri is hydrogen; 

CO R? is a purine or pynmidine base or an analogue or derivative thereof; 
£J Z is S. S»0 or SOa; and 

pharmaceutical^ acceptable derivatives thereof 




m 

® the preparation of the compounds. 
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Also descnbed are use of the compounds as antiviral agents, pharmaceutical formulations, and methods for 
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SUBSTITUTED-1 .3-OXATHIOLANES WITH ANTIVIRAL PROPERTIES 



The cresent invention relates tc novei suostitutea V3-oxathtoiane cycuc ccmoouncs navirg cnarnaco- 
logical activity, to processes for ana mtermeciates cr use m their creoaration. to pnarmaceuticai ccmccsi- 
ticns containing them, ana to tne use of tnese compounas in :ne antiviral treatment of mammais. 

Retroviral infections are a serious cause cf aisease. most notaoiy. tne acauirea immunoceficency 
synarome (AIDS). The numan immunoaeficiency virus (HIV) nas ceen reccgnizea as the eticogic agent cf 
AIDS ana comoounas having an mmbitory effect against HIV muitioncation nave oeen actively soucnt. 

Mitsuya et al.. H 3 -Az:ao-3 -aeoxytnymiaine (BW A509U): An antiviral agent that mnibits the mfectivity 
and cytccathic effect of human T-iymonotrcpic virus type W/iymcnaaenooatny-associatec virus m vitro**. 
Proc. Natl. Acad. So. U.S.A. . 82. po. 7096-7.100 (1985). refers to a comoouna of formula (A) (3 -a^iac-2 3 • 
aiaeoxytnymiame). commoniy referred to as A2T. This comcouna :s said to be useful in provtamg some 
protection for AIDS carriers against the cytopathogemc effect of immunodeficiency virus (HIV). 



15 



20 



25 




(A) 



30 Mitsuya et al.. "Inhibition of the in vitro infectivity ana cytopathic effect of human T-lympnotrophic virus 
type lll/lymphadenopathy-associatea virus (HTLV-III/LAV) by 2 3 -aideoxynucteosides*\ Proc. Natl. Acad. 
Sci. U.S.A. , 86. pp. 1911-15 (1986). have also referred to a group of 2 ;3 - dideoxynucieosioes snown m 
formula (B) wnich are saia to possess protective activity against HIV*induced cytopathogenicity. 
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(B) 



so 



Baizarini et al., "Potent and selective anti-HTLV-lll/LAV activity of 2.3'-dideoxycytidinene. the 2 .3 - 
unsaturated derivative of 2.3-dideoxycytidine\ Biochem. Biophys. Res. Comm. , 140. pp. 735-42 (1986). 
refer to an unsaturated analogue of these nucieosiaes-2 3 -diaeoxy^ytiaTne. snown in formula (C)~as being 
characterized by antiretrovirai activity. 
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Saba et al.. "Both 2 .3 -dideoxythymidine and its 2 ,3 -unsaturated denvative (2 .3 -diceoxytnymidinene) 
are potent and selective inhibitors of human immunooeficiency virus replication in vitro". Siocnem. Sioonys. 
Res. Comm., 142. pp. 128-34 (1987). refer to the 2 .3 -unsaturated analogue snown m fcrmuta <0) or 2 .3 - 
aiaebxyinymiame. This analogue is purported to be a potent selective inhibitor of HIV replication. 
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Analogues of AZT known as 3 -azido-2 .3 -oideoxyundine shown in formula IE), where Y is bromine or 
iodine, have been said to have an inhibitory activity against Moloney murine leuKemia in T.3. Un et al.. 
"Synthesis and antiviral activity of various 3 -azido, 3 ammo. 2 .3 -unsaturated ano 2 .3 • diaeoxy analogues 
of pynmioine, deoxynbonucieosiaes against retroviruses'*. J. Med. Chem.. 30. pp. 440-41 (1987). 
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(E) 



rinaily. :ne 3 -fiuoro analogues cf 2 .3 -nceoxycynaine snown in fcrmuia *F\ arc ct I 

ytnymiome snown m formula (G) are rererrea to m Heraewiin et ai.. "3 -Suostituteo 2 .3 -oiceoxynucieosice 
analogues as ootennai anti* HiV(HTLV-ill.LA\fl agents'. J. Med. Chem. , 30. oo. 1270-78 M987V as navmg 
potent antiretrovirai activity. 
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The most potent anti-Hlv* compounas tnus far reoorted are 2 .3 -dideoxynucleosioes. more particularly. 
2 .3 -dideoxy cytiaine (ddCyd) ana 3 -a2ido-2 .3 -oideoxythymidine (AzodThd or AZT). These compounas 
are also active against other kinds of retroviruses such as the Moloney murine leuKemia virus. Because of 
the increasing incidence and the life-threatening characteristics of AIDS, efforts are being expended to 
discover and develop new non-toxic and potent inhibitors of HIV and blockers of its infectivity. It is therefore 
an ooject of the present invention to provide effective anti-HIV compounas of low toxicity and a synthesis of 
such new compounas that is readily feasible. 

A structurally distinct class of compounds known as 2-substituted-5-substituted-i .3-oxathiolanes has 
now been discovered and found to have antiretrovirai activity. In particular, these compounds have been 
found to act as non-toxic inhibitors of the replication of HIV-1 in T-iymphocytes over prolonged periods of 
time. 

There is accordingly provided in a first aspect a compound of formula (I) 



40 



RjOCh? 



(i) 



wherein Ri is hydrogen; 

R: is a punne or pyhmidine base or an analogue or derivative thereof: 

Z is S. S»0 or SO?; and 

pharmaceutical^ acceptable derivatives thereof. 

It will be appreciated by those skilled in the art that the compounds of formula (I) contain at least two 
chiral centers (shown as • in formula (I)) and thus exist in the form of two pairs of optical isomers (i.e. 
enantiomers) and mixtures thereof including racemic mixtures. Thus the compounds of formula (I) may be 
either cis isomers, as represented by formula (II), or trans isomers, as represented by formula (III), or 
mixtures thereof. Each of the cis and trans isomers can exist as one of two enantiomers or as mixtures 
thereof including racemic mixtures. All such isomers and mixtures thereof including racemic mixtures are 
included within the scope of the invention. 
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The compounds of rormuia t\\ are oreferabty in ine form of their cis isomers. 

it will also toe acprecated mat wnen 2 :s S « 0 tne comoounas exist m two aaoitionai isomeric forms as 
shown m formulas (lla) and (lib) which differ m the configuration of the oxiae oxygen atom relative to tne 
2.5-suostituents. The comoounas of the invention additionally embrace such isomers ana mixtures thereof. 



The purine or pynmidine base or analog or derivative thereof R2 will be linked at :ne 9- or 1-position 
respectively. 

By purine or pynmidine base or an analogue or denvative thereof is meant a purine or pyrimidine base 
found m native nucleosides or an analogue thereof which mimics such bases in that their structures (the 
kmas of atoms and their arrangement) are similar to the native bases but may either possess additional or 
lack certain of the functional properties of the native bases. Such analogues include those derived by 
replacement of a CH 3 moiety by a nitrogen atom (for example. 5-azapynmidines such as 5-azacytosinei or 
vice verse (for example 7-deazaourines. for example 7-deazadenosine or 7 deazaguanosine) or both (e.g.. 
T-deaza. 8-azapunnes). By derivatives of sucn bases or analogues are meant those comoounos wnerem 
ring substituents are either incorporatea. removed or modified by conventional substituents known m the art. 
e. g.. naiogen. nyaroxyl. amino. Ci -< aikyl. Such purine or pyrimidine bases, analogues and denvatives will 
be well known to those skilled in the art. 

Conveniently the grouo Rt is seiected from: 
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wherein flj is selected from me group of hydrogen, hydroxy m thy I or saturated or unsaturated Ci 
groups; 
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R* anc are mceoencentiy selected from tne grcuo zi nycrcgen. "ycrcxvmemvi. :.-::Lcrrrr.e:--. 
suostitutea or unsuostitutea. saturatea or unsaturatea C*-i aikyi. cromme. cmcnne. riucnne. zr -care. 
Rs is selected from ;ne grouo of hydrogen, cyano. carcoxy. etroxycarccnyt. caroamoyi. or triccarrarr.tv 
anc 

X anc Y are inaeoenaently seiectea from :ne grouo of nycrcgen. rrcmme. cnicnne. fluorine. :cc:re. =mrc 
or nycrcxy grouDS. 
Preferaoiy 'S 

hhR 3 



I 

wherein Rj and R* are as defined hereinacove. 
Z is preferably -S-. 

By "a cnaiTr;acSw:;c2;!y acceptable means any pharmaceutical! v acceotabie salt, ester, or 

salt of such ester, of a comoound ot formuia (i) or any other compound whicft. ucen administration to the 
recipient, is caoable of providing (directly or indirectly) a compound of formula (I) or an antiviraHy active 
metaoonte or residue tnereof. 

It will be appreciated by these skilled in the art that the comoounos of formula (I) may be modified to 
provide pharmaceutical^ acceptable derivatives thereof, at functional groups in ootn toe base moiety, Rj 
and at the hydroxymethyl group of the oxathiolane ring. Modification at all sucn functional groups is 
included within the scope of the invention. However, of particular interest are pnarmaceuticaily acceotabie 
derivatives (e.g.. esters) obtained by modification of the 2-hyaroxymethyi group of the oxathiolane ring. 

Preferred esters of the compounds of formula (I? include the compounds in wmcn Ri is replaced Dy a 
carooxyl function 

O 
■ 

R- C in which the non-carbonyl moiety R of the ester grouping is selected from hyarogen. straignt or 
branched chain aikyl (e.g.. methyl, othyl. n-propyl, i-butyl. n*dutyl). alkoxyaikyi (e.g.. metnoxymethyi). araikyi 
(e.g., benzyl), arytoxyalkyl (e.g.. phenoxymethyl). aryl (e.g., phenyl cotionally substituted by halogen. Ct -* 
aikyl or Ci -* aikoxy): substituted dihydro pyridinyl (e.g.. N-methyidihyrdro pydinnyl); suiphonate esters 
such as alkyl-or aralkylsuiphonyl (e.g., methanesulphonyl); sulfate esters; amino acid esters (e g.. l-vaiyi or 
L-isoieucyi) ana mono*, ai- or tri-pnospnate esters. 

Also included within the scooe of such esters are esters derived from poiyfuncaonal acios sucn as 
carboxylic acids containing more than one carboxyl group, for example, dicarooxylic acids HOjC(CHj)- 
nCOjH where n is an integer of 1 to 10 (for example, succinic acid) or phospnonc acids. Methods for 
preparing such esters are well known. See. for example. Hahn et at. "Nucleotide Dimers as Anti Human 
immunodeficiency Virus Agents". Nucleotide Analogues , pp. 156-159 (1989) and Busso et al.. "Nucleotide 
Dimers Suppress HIV Expression in Vitro", AIDS Research and Human Retroviruses . 4(6), pp. 449-455 
(1968). Where esters are derived from such acias. eacn acidic group is preferaoiy esienfied by a compound 
of formula (I) or other nucleosides or analogues and derivatives thereof to provide esters of the formula (IV) 
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(IV) 
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0 0 

where w is -0-C-(CH,) tt -C-0- and n is an integer of 1 to 10 

o S 

u II 

or -O-P-O- or -o-P-O- , J is any nucleoside or 

0' or 

nucleoside analog or derivative thereof and Z and R2 t are as defined above. Among the preferred 
nucleosides and nucteosioe analogues are 3 -azioo-2 3 -dideoxythymidine. 2 .3 -dioeoxycytidine. 2 .3 - 
dideoxyaaenosme. 2 ,3 -oioeoxyinosme. 2 .3 -aiaeoxythymidine. 2 .3 -aideoxy-2 .3 -didehydro-thymidine. 
and 2 .3 -dideoxy-2 .3 -didenydrocytidine and ribavirin and those nucleosides whose oases are depicted on 
pages 7-8 of this specification. We most orefer a homodimer consisting of two nucleosides of formuia (I). 

With regard to the above described esters, unless otherwise specified, any aikyi moiety present 
advantageously contains i to 16 caroon atoms, preferably 1 to 4 Qarbon atoms and could contain one or 
more double bonds. Any aryt moiety present in such esters advantageously comprises a phenyl group. 

In particular the esters may be a Ci-*c alky) ester, an unsubstituted benzoyl ester or a benzoyl ester 
substituted by at least one halogen (bromine, chlorine, fluorine or iodine), saturated or unsaturated Ci -* 
3Q alkyl. saturated or unsaturated C»-« aikoxy. nitro or tnfiuoromethyl groups. 

Pharmaceutically acceotabie salts of the compounds of formula (I) include those derived from phar- 
maceutical^ acceotabie inorganic and organic acids and bases. Examples of suitable acids include 
hydrochloric, hyorobromic, sulfuric, nitric, perchloric, fumaric. maieic. phosphoric, glycollic. lactic, salicylic, 
succinic. toluene-p-sulfomc. tartaric, acetic, citnc. methanesutfomc, formic, oenzoic, maionic. napnthaiene-2- 
:5 sulfonic and benzenesuifomc ac:ds. Other acids such as oxalic, whiie not in themselves pharmaceutically 
acceotabie. may be useful in the preparation of salts useful as intermediates in obtaining the compounds of 
the invention and their oharmaceutically acceptable acid addition salts. 

Saits derived from appropriate bases include alkali metal (e.g.. sodium), alkaline earth metal (e.g..* 
magnesium), ammonium and NR* «■ (wnere R is Ci-e alkyl) salts. 

References hereinafter to a compound according to the invention includes both compounds of formuia 
(I) and their pharmaceutically acceptable derivatives. 

Soecific compounds of formula (I) include: 
Cis-2-hydroxymethyl-5-(cytosin-l -yl)-l .3-oxathiolane. trans -2-hydroxy methy t-5-(cytosin- 1 -ylH ,3-ox- 

athiolane. and mixtures thereof: 

Cis-2-ben2oyloxymethyl-5-(cytosin-l'-yl)-1. 3-oxathiolane. trans-2-benzoyloxymethyl-5-(cytosin-1 -yl)-1.3-ox- 
athiolane. and mixtures thereof: 

Cis-2-hydroxymethyl-5-(N*'-acetyi*cytosin»r-yl)-l .3-oxathiolane. trans -2-hydroxymethyl-5-<N4 -acetyl- 

cytosin-i -y \y 1. 3-oxathiolane, and mixtures thereof; 

Cis-2-benzoyloxymethyl-5-(N4 -acetyl-cytosin-l -ylH ,3-oxathiolane. trans-2-benzoyloxymethyl-5-(N4 -acetyl- 
50 cytosm-l *yl)-l .3-oxathiolane, and mixtures thereof; and 
Cis-2-hydroxymethyl-5-(cytosm-1 -yl)-3-oxo-1 .3-oxathiolane; 
Cis-2-hydroxymethy«-5HN-dimethyiamino-methylene cytosin-1 -yl>-l .3-cxathiolane; 
Bis-Cis-2-succiny loxy methy l-5-(cytosm- I'-ylM ,3-cxathiolane: 

Cis-2*benzoyloxymethyl-5-(6 -chioropunn-N-9 -y I)- 1. 3-oxathiolane; trans-2-benzoyloxymethyl-5-<6 - 

55 cnioropunn-N-9 -y I)- 1. 3-oxathiolane, and mixtures thereof; 

Cis-2-hydroxymethyl-5-<6 -hydroxypurin-N-9 -yl>-l .3-oxathiolane; 

Cis-2-benzoy loxy methy l*5-(uracil-N-i -yl)-l ,3-oxathiolane. trans-2-benzoy loxy methy l-5-(uracil-N-i -yl)-1 .3-ox* 
athiolane, and mixtures thereof; 
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r; s .2.nyaroxYmetnyi-5-turac!i-N-i -ylH .3-oxatmoiane: 

fe.2-ben2oyioxyfnetnyi-5-«nymin.N -yin .3-oxatmoiane. jrans-2-oenzoyioxyme!nyi-3-ttnymin.N.: .yi)-t .2- 

ciatmoiane. ana mixtures tnereof: 
C,s-2-hycroxymetnyi-5-unymin-N-i -yO-i .3-oxatniaane: 
IrTtne form of a racemic mixture or a singie enantiomer. 

The ccmoouncs of tne invention either rnemseives possess antiviral activity ana/or are metaoouzaoie to . 
sucn comoounas. in oanicular tnese comoouncs are effective m .nmo.tmg tne reoncation of retroviruses, 
inducing numan retroviruses sucn as numan .mmunooefiaency viruses <HIVs). tne causative agents or 
AIDS. 

There is tnus provided as a furtner asoect of the invention a comoouno formula 0) or a cnarmaceuii- 
caily acceotaoie oertvative thereof for use as an active therapeutic agent .n particular as an antiv.rai agent, 
for examoie in the treatment of retroviral infections. 

in a further or alternative aspect mere is provided a method for the treatment of a viral infection, m 
particular an infection caused by a retrovirus such as HIV. in a mammal, inducing man, comprising 
administration of an effective amount of an antiviral comoound of formula (I) or a pnarmaceuticaily 
acceptaoie derivative thereof. 

There is also provided in a further or alternative aspect of this invention, use of a comoound of fcrmuia 
(I) or a pnarmaceuticaily acceptable derivative thereof for the manufacture of a medicament for tne 
treatment of a viral infection. 

The comoounds of the invention are also useful in the treatment of AIDS related conoitions such as 
AiDS-reiated comciex (ARC), persistent generalized lymohadenopathy (P6u. AiuS-reiatea neuroiogicai 
conditions {sucn as aementia). anti-WV antibody positive and HIV* positive conditions. Kaposi's sarcoma, 
thrombocytopenia purpurea and opportunistic infections. 

The comoounds of the invention are also useful in the prevention -or progression to cnnical illness of 
individuals who are anti-HIV antibody or HIV-antigen positive and in prophylaxis following exposure to HIV. 

The compounds of formula (I) or the pharmaceutical^ acceptable derivatives thereof, may also be used 
for the prevention of viral contamination of biological fluids such as blood or semen in vitro . 

Certain of the comoounds of formula (I) are also useful as intermediates in the preparation of oth r 
compounds of the invention. 

It will be appreciated by those skilled in the art that references here in to treatment extends io 
prophylaxis as well as the treatment of established infections or symptoms. 

it will be further appreciated that the amount of a compound of the invention required for use in 
treatment will varv not only with the particular comoound selected but also with the route of administration, 
the nature of the condition being treated and the age and condition of the patient and will be ultimately at 
:s the discretion of the attendant physician or veterinarian. In general however a suitaoie oose will be in the 
range from about 1 to aoout 750 mg/kg of bodyweight per day. such as 3 to about 120 mg per kilogram 
body weignt of the recipient per day, preferably m the range of 6 to 90 mgkg/cay. most preferaoiy in the 

range of 1 5 to 60 mg-kg;day. 

The oesired dose may conveniently be presented in a single dose or as divided doses administered at 
40 appropriate intervals, for example as two. three, four or more sub-doses per day. 

The compound is conveniently administered in unit dosage form: for example containing 10 to 1500 
mg, conveniently 20 to 1000 mg. most conveniently 50 to 700 mg of active ingredient per unit dosage form. 

Ideally the active ingredient should be administered to achieve peak plasma concentrations of the active 
compound of from about 1 to 75 uM. preferably aoout 2 to 50 uM, most preferaoiy about 3 to about 30 uM. 
This may be achieved, for example, by the intravenous iniection of a 0.1 to 5% solution of the active 
ingredient, optionally in saline, or administered as a bolus containing about 0.1 to about 110 mg/kg of the 
active ingredient. Desirable blood levels may be maintained by a continuous infusion to provide aoout 0.01 
to about 5.0 mg/kg/hour or by intermittent infusions containing about 0.4 to about 15 mg/kg of the active 
ingredient. 

so While it is possible that for use in therapy, a compound of the invention may be administered as the 
raw chemical it is preferable to present the active ingredient as a pharmaceutical formulation. 

The invention thus further provides a pharmaceutical formulation comprising a compound of formula (I) 
or a pharmaceutical^ acceptable derivative thereof together with one or more pharmaceutical^ acceptable 
carriers therefor and. ootionally. other therapeutic and/or prophylactic ingredients. The carrier(s) must be 
53 'acceptable' in the sense of being compatible with the other ingredients of th formulation and not 
deietenous to the recipient therefor. 

Pharmaceutical formulations include those suitabl for oral, rectal, nasal, topical (including buccal and 
sublingual), vaginal or parenteral (including intramuscular, sub-cutaneous and intravenous) administration or 
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ze conveniently cresentea in ascrete ccsage units ana may oe or carea 5y any cr :ne meinccs *eu 
Known m me an of cnarmacy. All metnccs mc:uce tne steo of onngmg into association me active ccmcounc 
/van ucuiQ earners or fineiy aiviaea scua earners cr com ana men. if necessary, snaomg tne orccuc; mtc 

5 :ne cesirea formulation. 

Pharmaceutical formulations suitaoie for crai acmmistration may conveniently o cresentea as ciscrete 
units such as caosuies. cacnets or iaoiets eacn containing a preaetermmea amount of me activ mgreoient: 
as a cowoer or granules: as a solution; as a suspension; or as an emulsion. The active ingredient may aiso 
ce cresentea as a boius. eiectuary or paste. Taotets ana caosuies for oral acmmistration may contain 

to conventional excipients sucn as bmamg agents, fillers, luoricants. aismtegrants. or wetting agents. The 
taoiets may be coatea accoraing to metnoas wed known m tne art. Oral iiauio preparations may oe in me 
form of. for examoie. acueous cr oily suspensions, solutions, emulsions, syrups or eiixirs. or may oe 
presented as a ary proauct for constitution with water or other suitaoie vehicle before use. Such liauid 
preoarations may contain conventional additives such as suspending agents, emulsifying agents, non- 

rs' aaueous vehicles (which may include edible oils) or preservatives. 

The comoounds according to the invention may also be formulated for parenteral administration (e.g.. 
by injection, for example bolus miection or continuous infusion) and may be presented in unit cose form in 
amoouies. pre-filled syringes, small volume infusion or in multi-dose containers with an added preservative. 
The compositions may take such forms as suspensions, solutions, or emulsions in oily or aaueous vehicles. 

20 and may contain formulatory agents such as susoending, stabilizing ana/or dispersing agents. Alternatively, 
me active ingredient may be in powder form, obtained by aseptic isolation of sterile solid or by 
lyoohiiization from solution, for constitution witn a suitaoie vehicle, e.y., sterile, pyrcgs.vfrcs .voter, before 
use. 

For topical administration to the epidermis, the compounds according to the invention may be 
25 formulated as ointments, creams or lotions, or as a transdermal patch. Ointments and creams may. for 
example, be formulated with an aqueous or oily base with the addition of suitable thickening and/or gelling 
agents. Lotions may be formulated with an aqueous or oily base and will in general also contain one or 
more emulsifying agents, stabilizing agents, dispersing agents, suspending agents, thickening agents, or 
coloring agents. 

■jo Formulations suitable for topical administration in the mouth include lozenges comprising active 
ingredient in a flavored based, usually sucrose and acacia or tragacantn; pastilles comprising the active 
ingredient in an inert base such as gelatin and glycerin or sucrose and acacia; and mouthwashes 
comprising the active ingredient in a suitable liquid earner. 

Pharmaceutical^ formulations suitable for rectal administration wherein the earner is a solid, are most 

3S preferably represented as unit dose suppositories. Suitable carriers include cocoa butter and other matenals 
commonly used in me art. and me suppositories may be conveniently formed by admixture of the active 
comoound with the softened or meitea carner(s) followed by chilling and shaping in molds. 

Formulations suitable for vaginal administration may be presented as pessaries, tampons, creams, gels, 
pastes, foams or sprays containing in addition to the active ingredient, such carriers as are known in the art 

jo to be appropriate. 

For intra-nasal administration the compounds of the invention may be used as a liquid spray or 
dispersible powder or in me form of drops. 

Drops may be formulated with an aqueous or non-aqueous base also comprising one or more 
dispersing agents, solubilizing agents or suspending agents. Liquid sprays are conveniently delivered from 
<s pressurized packs. 

For administration by inhalation, me compounds according to the invention are conveniently delivered 
from an insufflator, nebulizer or a pressurized pack or other convenient means of delivering an aerosol 
spray. Pressurized packs may compnse a suitable propellant such as dichlorodifluoromethane, tnctv 
lorofluoromethane, dichlorotetrafluoroethane. carbon dioxide or other suitable gas. In the case of a pressur- 
so ized aerosol, the dosage unit may be determined by providing a valve to deliver a metered amount. 

Alternatively, for administration by inhalation or insufflation, the compounds according to the invention 
may take the form of a dry powder composition, for example a powder mix of the compound and a suitable 
powder base such as lactose or starch. The powder composition may be presented in unit dosage form in, 
for example, capsules or cartridges or e.g.. gelatin or blister packs from which the powder. may be 
55 administered with me aid of an inhalator or insufflator. 

When desired, me abov desenbed formulations adapted to give sustained r lease of the active 
ingredient, may be employed. 

The pharmaceutical compositions according to the invention may also contain other active ingredients 



10 



sucn as antimicrooiai agents, or creservattves. 

The comoounas of tne invention may aiso fce 'jsea :n ccmomation with otner tneraceutic acerts. 'cr 
examoie. otner antiinfective agents, in oamcuiar the ccmcouncs of :ne invention may oe emotoyec rcgetner 
wttn known antiviral agents. 

5 The invention tnus oroviaes. m a furtner asoect. a ccncmaticn ccmcnsmg a ccmcounc c: tormua il) cr 

a onysioiogicaiiy acceotaoie cenvative thereof togetner with anotner theraoeuticaiiy active agent, n 

canicular, an antiviral agent. 

The comomations referred to aoove may convenient!'/ o oresentea for use m the J crm v a 

pharmaceutical formulation ana thus pnarmaceutical formulations ccmonsing a comomation as sennec 
• o aoove rcgetner with a pharmaceuticaily acceotaoie earner tnerefor comonse a further asoect of the 

invention. 

Suitaoie theraoeutic agents for use ;n sucn comomations mciuae acyciic nucieosiaes sucn as actciovir 
ganciclovir, interferons sucn as aiona-. beta-ana gamma-tnterferon: giucuronation inhibitors sucn as oro- 
benicid: nucleoside transport inhibitors such as dipyridamole: nucleoside analogues sucn as 3 -azico-2 .3 • 
'5 dideoxythymidine, 2 .3 -dideoxycytiome. 2 .3 -dideoxyaaenosme, 2 .3 -dideoxymosme. 2 ,3 -aideox- 
ythymidine. 2 .3 -dideoxy-2 .3 -didehydrothymidine. and 2 .3 *dideoxy-2 .3 -didehydrocytiaine ana noavirm; 
. immunomodulators such as interleukin II (IL2) and granulocyte macroonage colony stimulating factor (GM- 
CSF), erythropoietin, ampiigen. thymomodulin. thymopentin, foscarnet. glycosylation inhibitors sucn as 2- 
deoxy-O-glucose. castanospermine. i-deoxyno|irimycm; and inhibitors of HIV binding to CD4 receotors sucn 
20 as soluble* CD4. CD4 fragments and CD4-nybnd molecules. 

The individual components of such combinations may be administered either seauentiatly or simulta- 
neously m separate or combined pharmaceutical formulations. 

When tne compound of formula fl) or a pharmaceuticaily acceotable denvative thereof is used m 
combination with a second therapeutic agent active against the same virus, the aose of eacn ccmoound 
25 may be either the same or aiffer from that wnen the compound is used alone. Appropriate doses will be 
readily aopreciated by those skilled in the art. 

The compounds of formula (I) and their pharmaceuticaily acceptable derivatives may be prepared by 
any method known in the art for the preparation of comoounds of analogous structure. 

Rt and as used hereunder have the same meaning as defined above unless otherwise stated. 
jo In one such process (A) a 1 ,3-oxathiolane of formula (VIII) 



35 




(VIII) 



wherein Rt is hydrogen or hydroxyl protecting group as defined herein and the anomenc group L is a 
4Q disptaceable atom or grouo and is reacted with an appropriate base. Suitable grouos L mciuae alkoxy 
caroonyi grouDS such as ethoxy carbonyl or halogens, for example, iodine, bromine or chlorine or -OR 
wnere R is a substituted or unsubstituted, saturated or unsaturated alkyl group, e.g.. a C. alky! grouo 
such as methyl, or R is a substituted or unsubstituted alipnatic or aromatic acyl group, e.g.. a Ci -» aliphatic 
acyt group such as acetyl and an aromatic acyl group such as benzoyl. 
4$ The compound of formula (VIII) is conveniently reacted with the appropriate purine or pynmidine base 
R:*H (previously silyfated with a silyating agent such as hexamethyldisilazane) in a compatible solvent sucn 
as methylene chloride using a Lewis acid (such as titanium tetrachloride or stannic chionoe) or tnmetnyl* 
silytriflate. 

The 1 ,3-oxathiolanes of formula (VIII) may be preoared. for example, by reaction of an aldehyde of 
so formula (VII) with a mercaptoacetal of formula (VI) in a compatible organic solvent, such as toluene, in the 
presence of an acid catalyst such as a para-toluene sulfonic acid or a Lewis acid. e.g.. zinc chloride. 
(VI) HSCH 2 CH(OC 2 H5) 2 
CiHsCOOCHiCHO (VII) 

The mercaotoacetais of formula (VI) may be prepared by methods known in the art. for example. G. 
55 Hesse and I. Jorder. "Mercaptcacetaldehyde and dioxy-i, 4-dithiane". Chem. Ber. 85. pp. 924-932 (1952). 

The aldehydes of formula (VII) may be prepared by methods known m the art. for example. E.G. 
Haltoquist and H. Hibbert. "Studies on reactions relating to carbohydrates and polysacchandes. Part XLIV: 
Synthesis of isomeric bicyctic acetai ethers*. Can. J. Research. 8. pp. 129-136 (1933). 
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in a secona process fB) one ccmoouna of formula d) :s ccnvenec to anctner :cmccunc ct fcrmua m 
Oy base mterconversion. Sucn mterconversion may oe erfectea eitn r by simcie cnemicai transformation 
(e.g.. tne conversion cf uracil base to cytosmei or oy an enzymatic' conversion using. *cr examcie. a 
ceoxynbosyi transferase. Sucn metnccs ana concmons for case interconversicns are weii known in :ne an 
of nucieosiae chemistry. 

in a tnird orocess tC) the comoounas of formula (I) may ce oreoarea oy the reaction of a ccmccuna zi 
formula MX) 




(IX) 



with a compound of formula (X) 




(X) 



CHO 



where P is a protecting group, followed by removal of the protecting group. 

The compounds of formula (IX). may be prepared for re-ction by a suitable epoxide (XI) 




(XI) 



with an appropriate sulphur-containing compound, e.g., sodium thioacetate. Compounds of formula (XI) are 
either known m the art or may be ootained by analogous processes. 
In a fourth process (D) a compound of formula (XII) 




(XII) 



may be converted to a compound of formula (I) by conversion of the anomeric NHj group to the required 
base by methods well known in the art of nucleoside chemistry. 

Many of the reactions described hereinabov have been extensively reported in the context of purine 
nucleoside synthesis, for example, in "Nucleoside Analogues • Chemistry, Biology and Medical Applica- 
tions". R.T. Walker et aL. Eds. Plenum Press, New York (1979) at pages 193-223. the text of which is 
incorporated by reference herein. 
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it will oe aooreciatea tnat the acove reactions may recutre the use of. zr conveniently -nay ce accsiec 
to. stantng materials navmg crotectea functional grcucs. anc ceorotection mignt thus ce reautrec as an 
intermeoiate or finai steo to yieid tne cesirea comccuna. Protection anc aeorotection of functional grcucs 
may oe effected using conventional means. Thus, 'or examcie. ammo grouos may oe orctectea Dy a ;rcuc 

5 seiectea from araikyi (e.g.. cenzyi). acyi or aryi (e.g.. 2.4-dinitrccnenyi); suoseauent removal cf :re 
protecting grouo oemg effectea wnen cesirea oy nyaroiysis cr nycrogenoiysis as aooroonate using 
stanaard conaitions. Hyaroxyi grcuos may oe orotectea using any conventional hydroxy! orotectirg grcuc. 
for examoie. as cescnbeo m "Protective Groucs »n Organic Chemistry". Ed. J.F.W. McOmie (Plenum Press. 
1973) or "Protective Grouos m Organic Synthesis" by Theodora W. Greene Uonn Wiley ana Sons. 198D. 

• o Examoies of suitaoie nycroxyi protecting grouos mciuoe grouos seiectea from aikyi <e. g.. methyl, t-butyi or 
metnoxymetnyl). araikyi ie. g.. oenzvi. aionenyimetnyi or tnonenyimetnyl). heterocyclic grouDS sucn as 
tetranyaropyranyi. acyi. (e.g., acetyl cr oenzoyo ana siiyi groups sucn as tnaikyisiiyi (e.g.. r. 0 uiyiaimethyi- 
silyi). The nydroxyi protecting grouos may be removed by conventional tecnniaues. Thus, for examoie. 
aikyl. siiyi. acyi and heterocyclic grouos may be removed by soivoiysis. e.g.. by nydroiysis unaer acicic or 

is basic conditions. Araikyi grouos such as tnonenyimetnyl may similarly be removed by soivoiysis. e.g.. cy 
hyaroiysis under acidic conditions. Araikyi grouos such as benzyl may be cleaved, for examoie. oy 
treatment with BF 3 /etherate and acetic anoyance followed by removal of acetate groups so formed at an 
appropriate stage in the synthesis. Siiyi grouos may also conveniently be removed using a source of 
fluortae ions such as tetra*n-butylammonium fluoride. 

20 In the above processes the compounas of formula f I) are generally obtained as a mixture of the as and 
trans isomers. 

thesejsomers may be seoaratea. for example. ^y_acetylation. e.g.. with acetic anhydride followed by 

separation byphysicai meansTe.g.. chromatograohy on silica gel and deacetviation. e.g.. with metnanouc 
ammonia or by fractional crystallization. 

25 Pharmaceutical^ acceotaoie salts of the compounds of the invention may be preoared as described in 
United States Patent No. 4.383.11 4, the disclosure of which is incorporated by reference herein. Thus, for 
example, when it is desired to prepare an acid addition salt of a compound of formula (I), the product of any 
of the above procedures may be convened into a salt by treatment of the resulting free base with a suitable 
acid using conventional methods. Pharmaceuticaily acceptable acid addition salts may be preoared by 

30 reacting the free base with an appropriate acid optionally in the presence of a suitable solvent such as an 
ester (e.g.. ~:nyl acetate) or an alcohol (e.g.. methanol, ethanol or isooropanol). Inorganic basic salts may be 
prepared by reacting the free base with a suitable base such as an alkoxide (e.g.. sodium methcxide) 
optionally m the oresence of a solvent sucn as an alcohoi (e.g.. methanol). Pharmaceuticaily acceptable 
salts may also be preoared from other salts, including other pharmaceutical^ acceptable salts, of the 

35 compounds of formula (I) using conventional methods. 

A compound of formula (I) may be convened into a pharmaceuticaily acceotabie phosohate or other 
ester by reaction with a phosphoryiating agent, sucn as POCb. or a suitaoie esterifying agent, sucn as an 
acid haiide or anhydride, as aoproonate. An ester or salt of a comoound of formula (I) may be convened to 
the parent compound, for example, by hydrolysis. 

4Q Where the compound of formula (I) is desired as a single isomer it may be obtained either by resolution 
of the final product or by stereospecific synthesis from isomencally pure starting material or any convenient 
intermediate. 

Resolution of the final product, or an intermediate or starting material therefore may be effected by any 
suitable method known in the art: see for example. Stereochemistry of Carbon Compounds , by E.L Eliel 
J5 (McGraw Hill. 1962) and Tables of Resolving Agents , by S.H. Wilen. 

The invention will be furtner oescnoea by the following examples which are not intended to limit the 
invention in any way. All temperatures are m degrees ceisius. 

50 EXAMPLES 



Example 1 

55 

2-thiobenzoyt acetaldehyde diethyiacetal 
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To a solution of ootassium t-outoxiae {11.5 5. O.11 moi) >n OMF (100 mil was acoec tmooen-ic a::c 
:17 ^. O.n moi) ana tne solution oaniaiiy evaccratea in vacuo, cenzene aacea in two consecutive ccncns 

= i2 x 30 mi) ana evaooratea m vacuo eacn time. To the restcuai OMF solution was accec crcrr.cacstai- 
cenyce cietnyiacetai {20.3 g. 0.1 moi) ana tne mixture stirrea at 120* tor 15 n. After cconng. n was ccurec 
onto water (500 mi), the product extracted witn etner (3 x 200 mi), tne extract wasnec witn acuecus 
NaHCOs followed by water, men oned and tne solvent removea m vacuo. The residue was ctstiiiec m vacuo 
to give 17.2 g. of pure (V). D.O- 131-133* 0.07 mm. it was cnaracterizea oy 'H NMR o(pom m CDC:): 

:o 7.97 (a, 2H; aromatic) 
7.47 (m, 3H: aromatic) 
4.59 (t. 1H: .CH<OC 2 H 5 >2i> 
3.66 <m. 4H; 2 x OCH 2 CH 3 ) 
3.30 (d. 2H; SCH 2 -) " 

rs 1.23 (t. 6H; 2 x OCHjCH,) 



Example 2 

20 

Mercaotoacetaloehvae aiethvtacetal 



HSCH 2 CH(OC:Hc)2 (VI) 

25 . . 

The preceding thiobenzoyl derivative (V) (17.2 g) was dissolved in 100 ml THF followed by the addition 
of 6 g NaOH in 20 ml H 2 0. The mixture was ref luxed under N 2 for 15 h. then cooled and diluted with water 
{200 ml) and the product extracted with etner (3 x 200 ml). The extract was dned. the solvent removea in 
vacuo and the residue distilled in vacuo to yield 7.1 g of pure (VI), p.p. 60-62*. 18 mm. It was characterized 

30 by H NMR 5(ppm in CDCI3): 
4.51 (t. 1H; CH<OC 2 H,) 2 ) 
3.51 (m. 4H: fx OCH 2 CH,) 
2.65 (dd. 2H; HS-CHT) 
1 .54 (t. 1 H: HS-) ~ 

35 1.23 (t, 6H;2xOCH 2 CH,) 



Example 3 

Benzoyloxyacetaldehyde 



C 5 H 5 COOCH 2 CHO (VII) 

45 

This known intermediate was prepared by a previously unreported method from the known 1 -benzoyl 
glycerol. Thus. 50 g of the latter in a mixture of 500 ml of CH 2 Cl 2 and 25 ml of H 2 0 was treated portionwise 
with 80 g of Nal04 under vigorous stirring at room temperature. After addition, stirring was continued for 2 h 
after which time 100 g of MgSO* was added and stirring continued for 30 min. The mixture was filtered, the 

so filtrate evaporated in vacuo and the residue distilled in vacuo to yield 26 g of pure (VII) b.p. 92-94 0.25 
mm. NMR (200 MH 2 ; TMS as interna* reference) 
$(ppm in COCI3.): 
9.71 (s, 1H: -CHO) 
8.11 (d. 2H; aromatic) 

55 7.60 (m, 1H; aromatic) 
7.46 (m. 2H: aromatic) 
4.88 (s. 2H; -CH 2 CHO) 



14 



30 



Examoie 



2-genzoyioxvmeinvt-5-etnoxy- i .3-oxatntoiane 




'5 The preceding mercaotoacetaidehyae acetal (VI) (7 g) was mixed in 100 ml of toluene witn 7 g of tne 
aoove benzoytoxyacetaldehyae (VII). a few crystals of para-totuene sulfonic acid aaaed and the mixture 
placed in an oii-oatn at 120* unaer N 2 . The formed ethanol was allowed to distill over, the mixture fceot at 
120* for an additional 30 minutes, then cooled and wasned with aqueous NaHCOi, aned and evaoorated in 
vacuo. The residue was distilled in vacuo to yield 9.8 g of pure (XIII) as a mixture of as- and trans-isomers. 
i.e. i40'1£2*.Q.! mm: R : O.St (hexane-EtOAc): 
: H NMR $<ppm m CDCb): 
8.05 (m. 2H: aromatic) 
7.57 (m. :H: aromatic) 
7 43 (m. 2H: aromatic) 

« 5.55 (m. 2H: C 3 -H. C 2 -H) 

4.55 (m. 2H: C 2 -C«HsC02CH 2 ) 



3.80 (a, 1H; C 2 -C e H 5 COjCH 2 ) 

H 

3.76 (m, 1H; C^-OCJiCH,) 

H 



35 3.17 (m. 2H: C^Hj) 

1.21 (t. 3H: C*-OCH 2 CH 3 ) 



jo 



Examoie 5 



Cis- and trans-2-ben2oytoxymethyl-5Hcytosin»i «yl)-i .3-oxathiolanes 



so 



W00CH, 




(XIV) 



55 A mixture of 2.7 g of cytosine. 30 ml of hexamethyldisilazane (HMDS) and 0.3 ml of trimethylsiiyl 
chloride (TMSCi) was heated under reflux under dry N 2 until a clear solution resulted (3 hours) and the 
excess reagents evaoorated in vacuo. The remaining volatiles w re rem ved under hign vacuum (15 min.) f 
the solid residue taken up in 250 ml of 1. 2-dichloroethane and 5 g of the above key intermediate (XIII) in 
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=0 mi ct -icnicrcetnane accea urcer cry argcn rcuowea oy -i.7 mi cr trimetnyisityi :ni;ate iTMST,, Arrer 3 
cays cf neating uncer reflux unaer argon, it was cooiea ana oour a cnto 300 mt.cf saturatec acueous 
NariCOr Th organic layer was collected, the aaueous onase extractea witn CH 2 C!; (2 X 100 mo anc :re 
ccmcmea extracts wasnea wttn water, cneo ana evaooratea m vacuo. The resiaue was cunnec cy 
cr.romatcgraony on siiica gei using CHjCs.CHiOH 9:1 as tne eiuant to give 2.5 g of a Dure mixture cr cs- 
ano :rans*<XIV) in a i:i ratio as ascenainea oy H NMR. These were seoaratea as the N-acetyi cenvatives 
as cescncea m the following examoi . 



Eramoie 6 

Cis- ana rrans-tscmers of 2-benzoyloxyrnethy)-5-(N/-acetyt-cytosin-t -yiH.3-oxathtoiane 



0 



C^HsCOOCHj 




(XV) 



The preceding mixture (XIV) (2.5 g) in 100 ml of dry pyridine containing 0.1 g of 4- 
dimethyiammopyridine (DMAP) was treated with acetic anhydride (7 ml) at room temperature and after 16 
hours, the mixture was poured onto cold water followed by extraction with CHsCb (3 X 150 ml). The extract 
was wasned with water, dried, and evaporated in vacuo. Toluene was added to the residue, then evaoorated 
in vacuo and the residual oil purified by chromatography on silica gel using EtOAcCHjOH 99:1 as the 
eiuant to yield 1 .35 g of pure trans-(XV) as the fast moving product and 1 .20 g of pure cis-(XV) as the slow 
moving component. These were cnaractenzed by 'H NMR spectroscopy. 
trans^XV) : m.p. 153-160* . R,: 0.48 EtOAc:CH 3 OH 95:5 
U.V.; (CH 3 OH) Lambda max: 297 nm 
'H NMR 5<ppm in CDCI 3 ): 
9.00 (b. 1H: Ci'-NH-Ac) 
8.06 (m, 2H: aromatic) 
774 (d. 1H: Cft '-H) 
7.56 (m. IK; aromatic) 
7.56, (m, TH; aromatic) 
7.47' (d. 1H; Cs'-H) 

7.45 (m. 2H; aromatic) 
6.53 (dd. 1H: C*-H) 
5.89 (dd. 1H: C 2 -M) 

4.46 (dd. 2H: Cj-CHaOCOC^H*) 
3.66 (dd. 1H: Ci-Hf 

3.32 (dd. 1H: C4-H) 
2.25 (s. 3H; NH-COCH 3 ) 

Cis-(XV) : m.p. 150-152* : R f : 0.4O EtOAc:MeOH 95:5) 

U.V.: (CH 3 OH) Lambda max: 297 nm 

'H NMR 5(ppm in CDCh): 

9.03 (b. 1H: NH-Ac) 

8.21 (d. 1H; Cf-H) 

8.05 (m, 2H: aromatic) 

7.60 (m, 1H: aromatic) 

7.50 (m, 2H; aromatic) 

7.29 <d, 1H; C*'-H) 

6.34 (dd. 1H; C*-H) 
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5.52 (dd. 1H: C 2 -H) 
4.80 fee. 2H: C2-3H:OCOC4H 5 ) 
2.56 (CC..1H: C*-Hr 
3.24 tec. 1H: C*-H) 
5 2.23 (S. 3H: NH-CwCHd 



S.tamcie > 

'0 

Co- anc :rans-2-hvcroxymetnyi-3-<cyiostn- 1 -yt)- 1 .3-exatnioianes 



is 




HOCH, 



(XVI) 



NHj 



25 



50 



*0 



a) Trans-(XVI): 375 mg of trie preceding trans-(XV) was dissolved 'n 100 mi of melanotic ammonia 
at 24* anJTarter stirnng for 16 hours, tne solvent was removed in vacuo anc the residue crystallized with 
etner. it was recrystallized from ethanot-ether to yieid 174 mg of pure proauct. m.p. >220 (dec). It was 
characterized by 'H and ,3 C NMR. 
! H NMR 5(ppmin DMSO-dt): 
7.57 (d. 1H: Ci'-H) 
7.18 (d. 2H: Ci'-NHj) 
6.30 (dd. 1H; Cs-h" 
5.68 (d. 1H; C*'-H) 
5.48 (t. iH:C 3 -h7 
5.18 (t. 1H; Cj-CH : OH) 
3.45 (m. 3H: C 2 -CH 2 OH * C*H) 
3.06 (dd. 1H: C*-H> 
U.V.: (CH-jOH) Lamoda max: 270 nm 



NMR (OMSO-d*. Vanan XL-300); 5 in pom: 


c 2 ' 


C*' 


Cs' 


C*' 


Cs 


C* 


C 2 


C H 2 OH 


154.71 


165.70 


93.47 


1*0.95 


87.77 


36.14 


86.80 


64.71 



45 



50 



55 



b) Cis-(XVI): treating 375 mg of cis-(XV) by the same preceding procedure led to 165 mg of pure 
product after recrystallization from ethanoi-ether. m.p. 171-173* . It was cnaractenzed by 'H and ,3 C NMR. 
'H NMR: Kppm in OMSO-di): 
7.80 (d, 1H; C«'-H) 
7.20 (d, 2H: C*'-NH 2 ) 
6.18 (t. 1H: C 5 -H)~ 

5.70 (d. 1H; Cs"H) 
5.14 (t. 1H: C 2 -CH 2 OH) 

3.71 (m. 2H: C 2 -CH 2 OH) 
3.40 (dd. 1H: C4-HT 
2.99 (dd. 1H; C*-H). 

U.V.: (CH 3 OH) Lambda max: 270 nm 
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: C NMR 5 (pcm -n OMSO-Cj) 



i c, 




1 c 




1 c* 


1 c, i 


C> 1 C H : OH ! 


\ rsa.63 


165.53 


| 93.86 


1^0.91 


i 36. 47 


36.22 


S5.-5 : 52.-9 



10 



Sxamole 3 



, /croxvmetnyi-5* , cytosin-i -yiV3-oxo-i .3*oxathioiane 



20 



HOCH* 




25 



30 



35 



40 



The preceding cisWXVI) (100 mg) in 30 ml of ice-cold methanol was treated with 93* mg of meta- 
chlorooerbenzoic acta ana after stirring for 15 mm a white solid separated which was collected and washed 
with 10 ml of methanol to give 45 mg of pure sulfoxide isomer a The methanol filtrates were evaoorated in 
vacuo and the solid residue washed with 15 ml of ethanolether (7:1) and then with 30 ml of ether to give 50 
mg of pure sulfoxide isomer b. The isomers were characterized by : H NMR. 
Isomer (XVII)a : m.o>270* (dec); R,:0.30 (CH 2 Cl2-MeOH 3:1) 
U.V.: (CH3OH) Lambda max: 270 nm 
'H NMR $ (ppm in 0MSO-a«): 

7.68 (d. 1H: Ci'-H) 
7.36 (s. 2H: C^-NHj) 

6.69 <dd. 1H: Cs-H) 
5.7-: z. 1H: C-j -H) 
5.47 (t. 1H: C 2 -CH ? OH) 
4.63 (dd 1H; C 2 -H) " 



3.88 (m, 1H; C 2 -CH-OH) 

H 

3.72 (m, 1H; C 2 -CIi-OH) 

H 



3.36 (dd. 1H; C4-H) 
50 3.05 (dd. 1H; C4-H) 

Isomer (XVII)b : fTvp.>220* (dec); R,:0.32 CH 2 CI 2 :MeOH 3:1 
H NMR 5 (ppm in OMSO-ds): 

7.76 (d. 1H; C«'-H) 
7.28 (d. 2H; C*'-NH : ) 

55 6.66 (dd. 1H; C«-hT 

5.77 (d. 1H: C*'-H) 
5.45 (t. 1H; C2-CH2OH) 
4.64 (t, 1H:C 2 -H) ~ 
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3-77 (t. 2H: C:-CH : OH) 
3-55 (fid. 1H: C*-rh 
3.17 (CO. 1H; C4-H) 



Examoie 9 



Cis*2*^YCroxvmetnyi-5*<N-dimetnytamino metnytene cvtosm-i -yO-1 .3*oxathioiane 



*5 



20 




300 mg of as-2-hydroxymethyl-5-<cytosin-i -yi) 1 .3-oxathioiane was susbenaed in 10 ml of N-cimethyl- 
25 formamide dimetnyi acetai (DMF-dimethyl acetai). The mixture was stirred at room temperature overmgnt 

(18 hours). Volatile material was removed by evaooration under reduced pressure. The residue was 

crystallized in ethanoi-ether. It yielded 345 mg (93%) of pure product, m.p. 162-164* C; R#: 0.56 in 

CH : CI 2 :MeOH 4:1 

U.V.: Lambaa max: 325 nm 
30 r H NMR 5(ppm in DMSO-dO*. 

8.64 (s. 1H. N*CH-N) 

8.04 (d. 1H. Cs'-H. J = 7.2 Hz) < 

6.22 ft 1M. Cs-H. J * 4.9 Hz) 

5.97 (d. 1H. CU'-K J = 7.2 Hz) 
25 5.37 (t. 1H, -OH. J = 5.8 Hz, 0*0 exchange) 

5.22 (t 1H. C2-H. J = 4.4 Hz) 

3.77 (t 2H, Cj-CH 2 0H. J = 4.9 Hz) 

3.50 (dd. 1H. C4-H. J * 4.9 and 9.9 Hz) 

3.17 (s. 3H; -CH 3 ) 
40 3.12 (dd. 1H. C*-H, J = 4.2 and 11.9 Hz) 

3.04 (s. 3H. -CH 3 ) 



Example 10 



Bis-Cis«2-succinyloxymethyl-5-(cytosin»1 -ylH ,3-oxathiolane 



19 



HO 




(XIX) 



'5 



20 



25 



30 



35 



284 mg of as-2-hycroxymethyl-5-(N. N-dimethyiammo methylene cytosin-1 -yl)-i .3-oxathioiane was 
dissolved in 10 mT of ary pynaine and cooied at 0* C in an ice-oath. 60 ul of succtnyl chloride was aadeo 
via a syringe. The mixture was stirred overnignt (18 hours) and poured into 50 ml of saturated aoueous 
NaHCOi solution. The mixture was extracted with methylene cnlonde (3 x 50 ml). The comomed CH 2 C! 2 
solution was washed with water (2 x 50 ml) and dried over MgS04. After filtration, solvent was removed by 
evaporation under reduced pressure. The foam residue was aissoived m 10 ml of CH 2 Cl 2 containing 5 ml of 
methanol. 2 ml of 80% aoueous acetic acid was added ana the mixture was stirred at room temperature 
overnight. The mixture was evaporated to dryness. The solid residue was purified on silica gel using 
CH 2 C1 2 : MeOH 4:1 as eiuant. It yielded 145 mg (54%) of pure proauct. 
m.p. Dec >230 # C; R,: 0.23 (in CH 2 C! 2 :MeOH 4:1) 
U.V.; (MeOH) LamOda max: 271 nm 
1 H-NMR 5(ppm in DMSO-d* ) 
7.69 (d. 2H. 2 x Cfi'-H. J = 7.6 Hz) 
7.28 (d. 4H. 2 x NH,, J = 24.9 Hz. D 2 0 exchange) 
6.24 (t. 2H. 2 x Cs-H, J « 5.6 Hz) 
5.76 (d. 2H. 2 x Cs'-H: J = 7.4 Hz) 
5.35 (t. 2H. 2 x C 2 -H. J = 4.5 Hz) 
4.37 (d. 4H. 2 x CrCH 2 0-) 
3.42 (dd. 2H, 2 x C*-H, J * 5.5 and 10.9 Hz) 
3.10 (dd. 2H. 2 x C4-H. J = 5.6 and 11.7 Hz) 
2.60 (s. 4H. 2 x -CH 2 -C-0) 
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Cis- and trans-2-benzoyioxymethyl-5»(6 •chloroourin-N-9 -yl)-i.3-oxathiolanes 



45 



50 



55 




20 



1.7 ; cf 6-cntorcounne was heated at reflux m 50 mi of !-iMOS fhexametnyicisnazanei :cr:amirg 50 mg 
;f (NH** 2 SO*iammomum sulfate i until :ne solution became c:ear n r.cun. Excess HMDS was remcvec 
^ncer reaucea pressure. The oiiy resiaue was cneo uncer mgn vacuum rcr 1 nour ana :nen assovea r. 
:00 mi of cry i ,2-atcmoroetnane. 

5 2.7 g of 2-benzoyioxymetnyi-5-einoxy-i.3-oxatmoiane fXlin *as anea ;n a 500 mi rounc ccttcm riasK cv 
evacoration twice witn 50 mi of benzene ana assoivea m 200 mi of cry l .2-aicmoroetnane. 

The solution of silyiatea 6-cntoroounne was tnen transferrea into tne i.3-oxatmoiane solution rnrcucr a 
:anuta uncer argon atmosohere. n ml of 1M TMS-tmlate Unmethyisnvi tnfluorometnane sulfonate) was 
acceo to tne reaction Has*. The mixture was neatea at reflux for 5 hours, tnen ccoied to room temcerature. 

:.: The mixture was courea mto 200 mi of saturatea soaium oicaroonate solution .NaHCOi soiutioni wnne 
stirring. The organic layer was collected and tne aaueous cnase was extracted witn CH 2 C; 2 (2 x :C0 m:i. 
The ccmomed organic cnase was wasneo witn water, cnea over MgSO*. fiiterea ana evaooratea unaer 
reauced pressure. The residue was purified and seoarated on silica gel using Hexane-etnyi acetate 7 3 as 
eiuant. It yielded i .05 g (28%) of the less poiar product, wmcn was identified as aipna* or trans- isomer as a 

'5 foam, and 710 mg of lower product as oeta- or os-isomer. Total yield 46.1%; cis: trans ratio r.i.4 
trans-tsomer (o-tsomer): R»: 0.43 in Hexane:EtOAc 1:1 
UvT (MeOH) Lamoda max: 264.7 nm 
H-NMR 5(ppm in CDCb): 
8.76 (S. IH. Ci'-H) 

8.06 (m. 2H. aromatic) 
7.55 {m. 1H, aromatic) 
7 45 (m. 2H, aromatic) 
6.90 (dd. 1H. C*-H. J - 5.0 Hz) 
25 5.78 (dd, 1H. C 2 -H. J = 6.0 Hz) 

4.55 (m. 2H. Ca-CHaOCOC«Hs) 
3.74 (m. 2H. C**h7 

cis-isomer (beta-isomer): R ( : 0:35 in Hexane:£tOAc: 1:1 
iTV.: (MeOH) Lambda max 264.7 nm 
30 'H-NMR 5(ppm in COCI3): 
8.72 (s. IH.Ci'-H) 
8.51 <$. 1H. Ci'-H) 
8.00 fm. 2H. aromatic) 

7.56 (m. 1H. aromatic) 
35 7.44 (m. 2H, aromatic) 

5.61 (t. 1H, Cs-K J = 4.7 Hz) 

5.62 <t. 1H. C2-H. J = 4.9 Hz) 
4.69 (m. 2H. C 2 -CH 2 OCOC«H 5 ) 
3.66 (m. 2K C*-H) 
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45 CiS'2»hydroxymethyl-5><6' -hydroxy ourin*N-9^y«Vl .3-oxatntolane (inosine derivative) 



0 




(XXI) 



21 



?0 



13 



metnanoi. 5 g ofsooium nyaroxiae (NaCH) anc 3 mi zi water were accea into tne solution. ~"^e mixture *as 
neatea at reflux for 5 hours ana cooied to room temoerature. The solution was men ailuteo witn iCO mi :r 
water, neutralized with pynaintum resin ana filterea. The resin resiaue was wasnea with 100 mi of metnanci. 
The ccmomea filtrate was evaooratec uncer reaucec cressure. The resioue was ounfiea on siiica ;ei js;rg 
CH 2 Ci 2 .MeOH 4:1 as eiuant. it yietoeo 1 33 mg (5l°o» of Oure orccuc:. wnicn was icentiriec as :rcs:ne 
cenvative. m.p.; 208-210* C. R.. 0.27 m EtOAc:MeOH 4:1 
U.V.: (MeOH) Lamooa max: 246 nm 
H-NMR: 5(ppm in OMSO-OO 
12.42 (s. ih. -NH. 0;0 excnangei 

8.36 (s. 1H. Cj'-H) 
3.07 (s. 1H. C 2 '-H) 

6.37 <t. 1M. CvH. J = 5.1 Hz) 

5.29 (t, 1H, -OH. J a 6.0 Hz. OjO excnange) 

5.24 (t. 1H. C 2 -H. J = 4.9 Hz) 

3.63 (m, 4H. 2H from Cc-H ana 2H from CH 2 *OH) 
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Cis* dftu uariS-c-vcM^OyiOXyii igiiVyS-5-*'^ -y! * .3=oxsih;cn 
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0 

HN 



BzO-Y0v^ 0£t 



I* 

o 

SzO^Osj 



(XXII) 



a 

c 
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760 mg of uracil was heated at reflux in 30 ml of HMOS in the presence of 50 mg (NHdhSOi until the 
solution became clear. The mixture was evaporated under reduced pressure. The residue was dried under 
high vacuum for 1 hour and dissolved in 100 ml of dry 1 ,2*dichioroethane. 

1.5 g of 2-benzoyloxymethyl-5-ethoxy-l t 3-oxathiolane was dried by evaporation twice with 50 ml of 
benzene in a 500 ml round bottom flask and dissolved in 1 50 ml of dry 1 .2-dichioroethane. 

The silyated uracil solution was transferred into the oxathioiane solution through a canuia under argon 
atmosphere and 1.5 ml of TMS-Trifiate in 20 ml of 1.2*dichloroethane was added. The reaction mixture was 
heated at reflux under argon atmosphere for 48 hours, cooled to room temperature and poured into 300 ml 
of saturated aaueous NaHCOa solution. The organic layer was collected. The aqueous phase was extracted 
twice with CH 2 Clj (2 x 100 ml). The combined organic layer was wasned with water (2 x 200 mt) t once with 
NaCI solution (1 X 150 ml) and dried over MgSOi. After filtration, solvent was removed by evaporation in 
vacuum and the residue was purified on silica gel using Hexane:EtOAc 1:1 as eiuant. It yielded 594 mg 
(32%) of pure product 

The product was shown as only one spot in the TIC. However the 'H-NMR spectrum indicated the 
presence of two isomers cis: trans in a ratio of 1:1.2 and which were not separated at this stage. 
R ( : 0.35 in Hexane:EtoAc 3:7 
U.V.: (MeOH) Lambda max: 261 nm 
'H-NMR 5(ppm in COCIj) 
8.88 (broad s. IH. N 3 '-H) 
8.05 (m, 2H. aromatic) 
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(0. IH. C* -H CS. J = 8.2 H2) 

im. ih. aromatic) 



r."i 

-.57 

T 45 im. 2H. aromatic and !\h *h> 

5.55 

5.35 

5.-9 

5.73 
e c 



3.5/ 

5.46 
4.73 

4.45 

3.57 
3.17 



icq. iH. C*-H trans . J = 2.4 ana 5.4 Hz) 
(ca. ih. Cs-H c:s. J ~ 4.1 ana 5.5 Hz) 
(t. IH. C 2 -H trans . J - 5.4 Hz) 
to. ih. C* -H trans. J = 3.2 Hz) 
(C. IH. C*'-H £js. J = 8.2 Hz) 
(t. IH, C 2 -H CiS. J = 3.9 HZ I 

<c. 2H. •CH : G-COC^Hc) 
it. 2H. -CH;OCCCiH 5 ) 
(m, IH. C*-n) 
<m. IH. C4-H) 
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Cis-2*hyaroxymethyl-5Wuracif-N-i -vD-1 .3-oxathiotane 



30 




(XXIII) 



- 5 300 mg of a mixture 6s* and trans-2-benzoyioxymethyl- 5-<urac:l-N-i -yiV-i.3-oxathiolanes was dis- 
solved in 75 ml of methanoiic ammonia. The mixture was stirred at room temperature overnight. The 
solution was evaoorated by dryness. The resiaue was purified and the two isomers were separated on silica 
gel using EtOAcMeOH 98:2 as etuant. 

The top product was isolated as a solid product and was identified as cis-isomer. 

40 Cis-isomer: m.p. 162-164* C; R»: 0.57 in EtoAcMeOH 95:5 
U.V.: (MeOH) Lambda max: 261.4 nm 
'H-NMR 3(ppm in DMSO-ds): 
11.36 (S.1H, N 3 '-H) 
7.88 (d. IH. C«'-H. J « 8.1 Hz) 

45 6.18 (t. 1H, C$-H. J a 4.8 Hz) 
5.62 (d. 1H. Cs'-H. J » 8.1 Hz) 
5.33 (t IH. Ci-H f J * 5.7 Hz) 
5.17 (t. IH. -OH. D 2 0 excnange) 
3.72 (t. 2H. C 2 -CH 2 OH. J * 4.6 Hz) 

so 3.41 (dd. IH. C4-H. J » 5.7 and 12 Hz) 
3.20 (dd. IH. C*-H, J a 4.6 and 9.9 Hz) 
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C.is- and trans-2«benzoyloxymethyt-5-(thymin-N-r-ylH .3-oxathiolanes 
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1.7 g of thymine was heated at reflux in 50 ml of HMOS containing 50 mg of (NhUhSOt until the 
solution became clear. The mixture was evaoorated under reauced pressure. The residue was cried uncer 
hign vacuum for 1 hour and dissolved m 150 ml of 1 ,2-dicnioroetnane. 

3 g of 2-benzoyloxymethyi-5-ethoxy-i.3-oxathiolane was oned by evaporation twice with 75 mi of 
benzene and dissolved in 150 mi of dry 1.2-dichloroethane. 

The silylated thymine solution was transferred into the oxathiolane through a canula under argon 
atmosonere. 3.3 ml of TMS-Triflate (tnmethyisilyitnflate) m 30 mi of dry 1.2-aicnloroethane was introduced 

iniy ino reaCiiOfi rfiixiuna infOuyn d CdTiuid unucr afyufi at fn G 3 u n c f 6 . Th© SCiuiiun «a5 ncalou oi Tohua unucr 

argon atmosphere for 36 hours, cooled to room temperature and poured :nto 300 mt of saturated aqueous 
NaHCOs solution. The organic layer was collected and tne aaueous pnase was extracted twice with 
methylene chloride (2 X 100 ml). The combined organic phase was washed twice with water (2 X 200 ml), 
once with NaC! solution (1 X 1 50 ml) and dried over MgS04. The solution was filtered. The filtrate was 
evaoorated in vacuum. The residue was purified on silica gel using Hexane:£tOAc 1:1 as eluant. It yielded 
1 .3 g (35%) of pure product. 

The product was shown as only one soot on TLC but the 'H-NMR spectrum indicated the presence of 
the two isomers cis and trans in a ratio of i: 1.2. 
R»; 0.30 in Hexane:£tOAc 2:3 
U.V.: (MeOH) Lambda max: 266 nm 
H-NMR Sfppm in CDCI 3 ): 
8.60 (broad singiett. N 3 '-H) 
8.06 (m. 2H. aromatic) 
7.59 (m, 1H, aromatic) 
7.49 (m. 2H. aromatic) 
7.38 (d, 1H. C«'-H-cis. J = 1.3 Hz) 
7.28 (d. 1H. Cft'-H-trans. J 2 1.3 Hz) 
6.55 (dd, 1H. Cs-H-trans isomer. J = 3.1 and 5.6 Hz) 
6.38 <t. 1H. C*-H-as isomer, J » 5.5 Hz) 
5.78 (dd. 1H. Ca-H-trans. J =» 4.4 and 6.4 Hz) 
5.46 (t, 1H. Ca-H -cis-isomer. J - 4.3 Hz) 
4.69 (d. 2H. Cj-CH 2 OCOC«H 9 . J » 4.2 Hz) 
4.45 <m. 2H, C 2 -CH 2 OCOC*H,) 
3.58 (m, 1H. C*-H) 
3.13 <m. 1H. C4-H) 

1.93 (d. 1H, C^'-CHi-trans isomer. J a 1.2 Hz) 
1.78 (d. 1H. C«'-CH 2 -os isomers. J * 1.2 Hz) 

Examole 16 

Cis-2-hydroxymethyl-5-(thymin-N> 1 ' «yl)« 1 .3-oxathiolanes 
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(XXV) 



500 mg of a mixture as- ana trans-2-benzoyioxymethyi-5-(thymin-N-l *yl)- i.3-oxatniolanes iXXIV) was 
;5 cissoived m 100 ml of saturated metnanoiic ammonia. The mixture was stirrea at room temoerature 

overmgnt (18 hours). The mixture was then evaporated to dryness under reduced pressure. The resicue 

was separated on silica gel using EtOAcMeOH 98:2 as eluant. 

The less oolar product was identified as cis-*somer mp: 167-163* C; R»: 0.66 in EtOAcMeOH 95:5 

U.V.: (MeOH) Lamoda max: 256 nm 
20 : H-NMR 5(ppm tn 0MSO-d«) 

u.36 <s. in. Nj -H) 

7.73 {d. 1H. C«'-H. J = 1.1 Hz) 

6.16 <t. 1H. C*-H. J = 5-5 Hz) 

5.31 (t. 1H. C 2 -H. J = 5.9 Hz) 
2 5 5.14 ft, 1H. OH. D 2 0 exchange) 

3.70 (t. 2H. C 2 -CH 2 OH, J = 5.1 Hz) 

3.36 (dd. 1H, Ci-H, J = 5.7 and 1.7 Hz) 

3.16 (dd. 1H. Ct-H. J = 5.5 and n.7 Hz) 

1.75 (d, 3H. Cs'-CH 3( J * 1.7 Hz) 
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35 Tablet Formulations 

A. The following formulation is prepared by wet granulation of the ingrecients with a solution of 
povidone in water, drying and screening, followed oy addition of magnesium stearate and compression. 





mg/taoiet 


(a) Active ingredient 


250 


(b) Lactose B.P. 


210 


(c) Povidone B.P. 


15 


(d) Sodium Starch Glycoilate 


20 


(e) Magnesium Stearate 


5 




500 



B. The following formulation is prepared by direct compression; the lactose is of the direct 
compression type. 



55 



25 



rc.raoiet 



Active mgreaient 


250 


Lactose 


145 


Avicei 


100 


Magnesium Stearate 






500 



C. :Ccntroiiec Release Formulation) The formulation is oreoarea by wet granulation of the mgreaients 
■:te!ow» a solution of povidone «n water, crying ana screening foilowea ov tre accmon of magnesium 
stearate ano compression. 





mg/taDiet 


(a) Active mgreoiem 


500 


(b) Hydroxyprooyiemethylcelluicse (Methocel K4M Premium) 


112 


\C) Lactose B.P. 


53 


iO) Povidone B.P. 


23 


ie) Magnesium Stearate 


7 




700 



L 
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Caosule Formulation 

30 

A capsule formulation is prep-.ed by admixing the ingredients below and filling into a two-part hard 
gelatin caosule. 





mg/caosule 


Active mgreoient 


125 


Lactose 


72.5 


Avicei 


50 


Magnesium Stearate 


2.5 




250 
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Injectable Formulation 

Active ingredient 0.200 g 

Sodium hydroxide solution. 0.1M q.s. to a pH of about 11. 
Sterile water q.s. to 10 ml. 

The active ingredient is suspended in some of the water (which may be warmed) and the pH adjusted 
to about 1 1 with a solution of sodium hydroxide. The batch is then made uo to volume and filtered through 
a sterilizing grade membrane filter into a sterile 10 ml glass vial and sealed with sterile closures and 
overseas. 
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Examce 20 

successor/ 



| mg;succository 


Active ingreaient 


250 


Hard Fat. 3. P. 


1770 




2020 



One-fifth of the hard fat is melted in a steam-jacketed pan at 45 "C maximum. The active ingreaient ts 
sifted through a 200 am sieve ana aaaea to tne moiten base with mixing, using a hign snear stirrer, until a 
smooth aisoersion is achieved. Maintaining the mixture at 45 ' C. the remaining hard fat .s added to tn 
susoension and stirred to ensure a homogenous mix. The entire susoension is passed tnrougn a 250 urn 
stainless steel screen and. with continuous stirring, is allowed to ccol to 40* C. At a temperature or 28* C to 
40 ' C. 2.02 g of the mixture is filled into su:taoie. 2 ml plastic mcias. The suppositories are allowed to ccol 
to room iemperaiuro. 
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Antiviral Activity 

In vitro testing was * conducted on several of the compounds of this invention to determine their 
inhibitory prooemes. The results are shown in Tables 1 ?rd 2. The concentrations reoorted are ag/mi in tne 
incubation media whicn affect the susceptibility of a continuous line of T-cells aeveiooea at the Laoy Davis 
institute for Medical Research (Montreal) by Or. Mark A. Wamberg toward infection by HlV-1 following a 
protocol similar to that of H. Mitsuya and S. Broaer. "Inhibition of the in vitro infectivity and cytooatnic effect 
of human T-lymonotrooic virus type lll/lvmonaaenopainyassociated virus (HTLV-ill/LAV) by 2 3 -oiaeoxy 
nucleosides". Proc. Natl. Acad. Sci. USA . 53. pp. 1911-15 (1986). Protection of the cell line from infection 
was monitored oy staining with monoclonal antibodies against virai proteins in the stanaara manner (Table 

1) . In all experiments, comparisons were maae with the crug AZT as the control. !n oraer :o confirm tne 
results, the arug effects were monitored by measuring reverse transcnctase (RT) activity :n the U-937 !ine 
of human monocytic ceils as assayed in the usual manner with tntiated thymidine monosohate (TTP) (Tabie 

2) . Finally, the drug effects on cell viability as measured by the wetl-know cytolytic effects of HIV-l on the 
MT-4 cell line was evaluated in the accepted manner (Table 1 ). 

Toxicity 

No toxic effects were observed in the aoove tests. 
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Inmoition cf Hiv-i orocuc: oy ccmcouncs of 


4 


crmuia i\) m MT*«i ceiiS 




a) Viacie ceil 


ccunts »6 cays m culture) using 2 


iig/mi of ccmoouna 






Comoouna 


Cell 








Viaoiiity 9 




, - I 


1 no orug 


5.47 


I 




| AZT 


38.6 


l 




cs-xvi 


37.4 






trans-XVI 


24 






cis-XVMb) 


14 






cis-XXV 


11 






as-XXI 


18 






cis-XXIII 


14 






D) P-24 immunofluorescence 


Time m Culture 


% Immunofluorescent 






Ceiis 


(Days) 


No Orug 


2ug/mi AZT 


2u>g/mi 








cis-XVI 


3 


5.9 


1.0 


• 1.0 


6 


99 


1.0 


7.6 


o Reverse transcriptase assay 


Time m Culture 


RT Activity (CPM X 






lOOOVml 


(Days) 


No Orug 


2ug/ml AZT 


2ug/ml 








cis-XVI 


3 


36.43 


1.564 


2.381 


6 


339.0 


1.748 


2.301 
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Taoie 2 



inniottion of HiV-1 crccuction oy 
:cmccuncs cf formula (h m H-9 cetls 



Reverse transcnotase assay 



•5 



Time m Culture 


RT Activity <CPM X 






lOOOVml 


(Days) 


No Orug 


2ug/ml 


2iig.nni I 






AZT 


t:S-XVI | 


5 


9.117 


3.346 


3.077 


a 

0 


438-5 


3.414 


5.353 


11 


2550 


2.918 


3.560 


14 


2002 


8.320 


2.872 


17 


584.5 


2.997 


2.399 


21 


365.2 


3.111 


2.907 


25 


436.4 


15.88 


4.020 


29 


92.38 


32.08 


3.756 




« « « « 




3.803^ 


37 


32.28 


378.2 


4.193 


41 


384.4 


994.0 


4.515 


45 


33.64 


32.91 


3.441 



Claims 

30 

1. A 1 .3-oxathiolane of formula (I). the geometric and optical isomers thereof, and mixture of those 
isomers: 




wherein: 

Ri is hydrogen; 

R: is a purine or pynmidine base or an analogue or derivative thereof: 
Z is selected from a group consisting of S. S 3 O or SOj; and 
45 pharmaceutical^ acceptable derivatives thereof. 

2. A compound of formula (I) as defined in claim 1 in the form of its as isomer. 

3. A compound of formula (I) as defined m claim 1 or claim 2 wherein Z is S. 

4. A compound of formula (I) as defined in any one of claims 1 to 3 wherein Ra is selected from: 



so 
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wherein: 

Ri is selected from me group of hydrogen or Ci -« alkyl groups; 

R4 and R* are independently selected from the group of hydrogen, hydroxymethyl, trifluoromethyl. 
substituted or unsubstituted. saturated or unsaturated Ci -« alkyl, bromine, chlorine, fluorine, or iodine; 
R« is selected from the group of hydrogen, cyano. carboxy. ethoxycarbonyl. carbamoyl, or thiocarbamoyl; 
and 

X and Y are indeoendently selected from the group of hydrogen, bromine, chlorine, fluorine, iodine, amino 
or hydroxyl groups. 

5. A compound according to any one of claims i to 4 wherein R2 is 
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wnerein is seiectea from tne grouo cf nyorcgen or C. -4 aikyi groucs ana R* .5 seiectea frcm tne ;rcuo 
of nyarcgen. hyaroxymethyi. tnfluorometnyi. sucstitutea cr unsuostitutea. saturatec or -jnsaiuratea d-s 
alkyl. oromtne. cnionne. fluorine, or tocine. 

6- A compound selected from tne grouo consisting of: 
Cis-2-hydroxymethyl-5-<cytosin-r-ylH .3-oxatniotane. trans»2-hyaroxymetnyi-5-<cytosm-i -viH .3-ox- 

atniolane. and mixtures thereof; 

Cis-2-benzoyloxymemyl-5-(cytosino'-yiH.3-oxathiolane. trans-2-den2oyloxymethyl-5-tcytosin-i -yi)-i.3-ox- 
atnioiane. and mixtures thereof; 

Cis-2-hydroxymeinyi-5-{N4 -aceryi-cytosin-i -yiH 3-oxathiolane. trans-2-hyoroxvmetnvl-5-<N4 - 

acetylcytosin-1 -yl)-i .3-oxathiolane. and mixtures thereof: 

Cis-2-benzoyioxymethyi-5-(N4 -acetyi-cytosin-1 - y IH ,3-oxathiolane, trans*2-benzoyloxymethyi-5-<N4 -acetyi- 
cytosin-i •yl)-i,3-oxathioiane, ana mixtures thereof: and 
Cis-2-hydroxymethyl-5-(cyto$in-i -yO-3-oxo-i ,3-oxathiolane; 
Cis-2-hydroxymethyl-5-{N-dimemyiamino-methyiene cytosin-1 -yl)-1 .3*oxathioiane; 
3^-Cis-2-succinyioxymethyl-5-tcytosin-i -yt)- < ,3-oxathioiane; 

Cis-?oenzoyioxymethyi-5-(6 -chtoropunn-N-9 -yl)-i .3-oxathiolane; trans «2-ben%oyioxymethyl-5-i6 • 

cnibropurin-N-9 -yl)-i.3-oxathiolane. ana mixtures thereof: 
Cis-2-hydroxymethyl-5-(6 -hydroxypurin-N-9 -yl)-i ,3-oxathiolane: 

Cis-2-benzoy ioxy methyl-5-<uracil-N- 1 ' -yl)- 1 ,3-oxathiolane . trans-2-benzoyloxymethy l-5-(uracil-N- 1 -yi)- 1 .3-ox- 
atniolane. and mixtures thereof; 
Cis-2-hyaroxymethyl-5-(uracil-N-l -yl)-l .3-oxathiolane; 

Cis-2-benzoy ioxy methyi-5-(thy min-N- 1' *y ,3-oxathiolane. trans-2-benzoy loxymethy i-5-{thy min-N- 1 -y l)-l .3- . 
oxathioiane. and mixtures thereof: 
Cis-2-hydroxymetnyl-5-\thyrnin-N-i -yl)-i ,3-oxathiolane; 

ana pharmaceutical^ acceotadle denvatives thereof in the form of a racemic mixture or single enantiom r. 

7. Cis - 2-hyaroxymethyl-5-<cytosin-i -/i)-i,3-oxathioiane, and pnarmaceuticaily acceptaoie Derivatives 
thereof. 

8. A compound according to any one of claims i to 7 m the form of a racemic mixture. 

9. A compound according to any one of ciaims 1 to 7 substantially in the form of a single enantiomer. 

10. A compound of formula (I) as defined in any one of ciaims 1 to 9 or a pharmaceutical^ acceptable 
derivative thereof for use as an active theraoeutic agent. 

11. A compound of formula (I) as defined in any one of claims 1 to 9 or a pharmaceutical^ acceptable 
derivative thereof for use in the manufacture of a medicament for the treatment of a virai infection. 

12. A pharmaceutical formulation compnsing a compound of formula (I) as defined in any one of claims 
1 -9 or a pharmaceutical^ acceptable derivative thereof together with a pharmaceutical^ acceptable carrier 
therefor. 

13. A pharmaceutical formulation according to claim 12 additionally compnsing a further therapeutic 
agent. 

14. A 1 ,3-oxathiolane of formula (VIII). the geometric and optical isomers thereof, and mixtures of those 
isomers: 




(VIII) 



wherein: 
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L .s an aikoxy carccnyi grouo. iccme. crcmme. cmcnne or -OR wnere R :s se:ec:ec "z^ re -reus 
consisting of a suostitutea or unsucstitutec. saturated or unsaturatea aiKyi grcuo anc a sucstitutec :r 
jnsuostitutea. saturateo or unsaturatea anonatic or aromatic acyl grcuo. 

15. The ester of formuia MV} tne geometric anc coticai isomers tnereof. anc mixtures of :nose isomers: 



'5 




J 
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wherein: 

W is PO4-. SPOo*. or 



-O- C '\CH 7 ) n - C -0- where n is an integer of 1 to 10; 
J is any nucleoside or nucleoside analog or derivative thereof: 
2S Z is S. S = 0, or SO:; and 

R2 is a purine or pynmidine base or analogue or derivative thereof. 
16. A compound according, to claim 15 wherein J is: 



30 



-CH2 
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1 7. A process for the preparation of a compound of formula (I) 
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(i) 



wherein Ri is hydrogen; 

R2 is a purine or pyrimidine base or an analogue or derivative thereof: 
Z is S. S = 0 or SO2; and 

pharmaceutical^ acceptable derivatives thereof, which compnses: 
(a) reaction of a compound of formula (VIII) 
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(VIII) 



wherein R1 is hydrogen or a hydroxy I protecting group and L is a displaceable atom or a group with a base 
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R : -H grouo: 

tb) oase mterccnversicn of one ccmccurc cf fcrmuta .'I) into anotner ccmccurc cf formula 
(C) reaction of a ccmcouna of fcrmuta «iX} 



HO 



HZ 



(IX) 



with a comoound of formula (X) 




CHO 

wherein P is a protecting group; or 

(d) conversion of a compound of formula {XII) 




(XII) 



to a compound of formula (I) 

and if necessary or desirea subjecting the compound resulting from any of steps (a) to (d) to one or two 
further reactions comprising: 

(i) removing any protecting grouos: 

(ii) convening a compound of formula (I) or a salt thereof into a pharmaceutical^ acceptable salt 
thereof. 

18. A process as defined in claim 17 wherein the compound of formula (I) is obtained in the form of its 
cis isomer. 

19. A process according to claim 17 or claim 18 wherein Z is S. 

20. A process according to any one of claims 17 to 19 wherein Rj is: 
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wnerem: 

= ts selected frcm tne grcuo cf rtycrcgen. mfluorometnyi cr saturated cr vnsaturatec C- smvi grcucs: 
R* ana R« are mcecencentiy seiectec ; rom :ne grouo cf nycrcgen. r.ycrcxymetrvi. :rif:Lcrcrr.e:rvi 
sucstitutea or unsuosmutea. saturated cr unsaturated C.~; atkyi, cromtne :monne. Mucnre. cr .cere: 
n ; is selected from tne group of nycrcgen. cyano. carcoxy. etnoxycarccnyi. carcamoyi. cr r.iccarcarrcv:: 

X ana Y are maeoenaentiy seiec:ed from :ne grouo of nyarogen. cromme. cmortne. riucrine. iccme. ammo 
cr nycrcxyi groucs. 

21. A orocess accoraing to any cf caims 17 to 19 wnerem R? is: 




i 

wherein Rj is SoioCieu from inc Qfuuu ui .Vyurogsn. u iiiuOrcrriStriyi cr saturates c* unsaturates C -s ciky: 
groups ana R* is seiectea from tne group of hyarogen. hydroxymetnyi. tntluoromemyi. suostitutea cr 
unsubstituted, saturated or unsaturated C^-i alkyl. bromine. chlorine, fluorine, or iodine. 

22. A process accorcing to any one of ciaims 17 to 21 wnerem tne comoound of formuia [to is selected 

from: 

Cis-2-hydroxymethyl-5-<cytosin- 1 ' -y i)- 1 .3-oxathiolane. trans-2-hydroxy methy l-5-(cy<osm- 1 -yi)- 1 .3-ox- 

atnioiane. and mixtures thereof; 

Cis-2-ben2oytoxymethyi-5-<cytosin-i'-yl)-l ,3-oxathioiane. trans-2-benzoyloxymethyl-5-<cytosin-i -yi)-i .3-ox- 
atnioiane. and mixtures thereof: 

Cis-2-nydroxymetnyi-5-(N4 -acetyi-cytosin-r-yi)-l ,3-oxathioiane, trans-2-nydroxymethyl-5-(N» -acetyl- 

cytosm-r-yi)-i.3-oxathiotane, and mixtures thereof; 

Cis-2-ben2oyioxymethyl-S-(N4'-ac8tyi-cytosin-i -ylH ,3-oxathioiane, trans -2-benzoy loxy methy t-5-( N 4 -acetyl- 

cytosin-i -yi)-i.3-oxathioiane. and mixtures thereof: and 

Cis-2-hyaroxymetnyi*5'<cytosin-i -y»)-3-oxo-i .3-oxatnioiane: 

Cls -2-hyaroxy methy i-5-<N-dimethylamino-metnylene cytosm-i -yl)-i ,3-oxathioiane; 

Bis-Cis-2-succinyloxymethyl-5-(cytosin-1 -ylH .3-oxatnioiane; 

Cis-2 : ben20yloxyrnethyl-S-{6'--:hloropunn-N.9'.yl)-i.3-oxathiolane; trans -2-ben2oyioxymetnyl-5-';6 - 

cnToroounn-N-9 -ylH. 3-oxathiolane. ana mixtures thereof: 
Cis-2-hydroxymetnyl-5-<6 -hyaroxypunn-N-9 -ylH .3-oxatniolane; 

Cis-2-ben2oyioxymetnyl-5-<uracil-N-i -y»)-i ,3-oxathioiane, trans -2-ben2oyioxymethyl-5-\uracil-N-i -yi)-i ,3-ox- 
athioiane, and mixtures thereof; 
Cis-2-hydroxymemyl-5-<uracil-N-i '*ylM .3-oxathiolane; 

Cls-2-ben2oyloxymethyl-5-<thymin-N.l -yl)-i.3-oxatnioiane. trans-2-ben2oyloxymethyl-5-(thymin-N-i -yi)-i.3- 
oxathiolane. and mixtures thereof; 
Cis-2-hydroxymethyl-5-<thymin-N-i -yl)-l ,3-oxathioiane; 

and pharmaceutically acceptable derivatives thereof in the form of a racemic mixture or single enantiomer. 

23. A process according to any one of claims 17 to 21 wherein the compound of formuia (I) is Cis-2- 
hydroxymethy l*5*(cy tosin- 1 -y I)- 1 ,3-oxathioiane. and pharmaceutically acceptable derivatives thereof. 

24. A process according to any one of claims 17 to 23 wherein the compound of formula (I) is obtained 
in the form of a racemic mixture. 

25. A process according to any one of ciaims 1 to 7 wherein the compound of formula (I) is obtained 
substantially in the form of a single enantiomer. 

26. A process according to any one of claims 17 to 25 wherein in step (a) the group L is. selected from 
a group consisting of alkoxy carbonyl. iodine, bromine, chlorine or -OR. where R is a substituted or 
unsubstituted. saturated or unsaturated alkyl group or R is a substituted or unsubstituted aliphatic or 
aromatic acyl group. 

27. A process according to any one of claims 17 to 26 wher in step (a) the compound of formula (VIII) 
is reacted with a silyiated purine or pynmidine base in a compatible solvent in the presence of a Lewis acid 
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23. A metnca for ;ne crecarsucn cr a cnarmaceuncai fcrmuiaucn ccncnsing icmix:r; a :cr-ccunc c 
formula i\) as cefinea m c;aim 17 or a onarmaceuticaily acceotaote cenvative tnereof witn a snarmacsun 
:eiiy accsctaoie earner rnerefcr. 



Claims for me following Contracting States: GR. E5 

i. A process for tne crecaration of a ccmcouno of formuta m 



wherein Ri is hydrogen: 

R: is a purine or pynmidine base or an analogue or derivative thereof; 
Z'is S. S = 0 or S0 3 ; and 

oharmaceuticaily acceotaote aenvatives thereof, which comonses: 
(a) reaction of a compound of formula (VIII) 



wherein Ri is hydrogen or a hydroxy! protecting group and L is a displaceable atom or a grouo with a base 
R2-H grouo; 

(b) base mterconversion of one compound of formula (I) into another compound of formula (I); 
iOreaction of a compound of formula (IX) 




n 




(VIII) 



HO 




(IX) 



HZ 



with a compound of formula (X) 




(X) 



CHO 



wherein P is a protecting group; or 

(d) conversion of a compound of formula (XII) 
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0 



y 



2 




(XII) 



:o a ccmcound of formula (I) 

ana .f necessary or cesired suoiecting :ne comoouno resulting rrcm any of siecs iai :o *.c) :c cne cr >o 
•unner reactions comprising: 

ii) removing any protecting crouos: 

converting a comoound'of formula (I) or a salt thereof into a pnarmaceuticaity accsotaoie sau 



2. A process as defined m claim 1 wherein the compound of formula (I) is obtained m the form cf its cs 



3. A process according to aaim 1 or claim 2 wherein Z is S. 

4. A process according to any one of claims 1 to 3 wnerem R2 is: 
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2S 
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thereof. 



isomer. 
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wnerein: 

is seiecec :rcm me grouo of Mycrcgen. tnfluorometnyi cr saturatec cr ursaturatea C- aikvi grcucs: 
K A ana R* are ;nceoencently seiectec : rom :ne grcuo cf nvcrccen. r.ycrcxymetnyi. :nfiucrcme:nv. 
•ucsntutea'or •jnsudsntutec. saturatec or unsaturatec C--* aikyi. crcmme. cnonne. Serine, zr .ccme. 
R 4 is seiecea rrcm :ne grouo of nycrcgen. cyano. :arcoxy. etnoxycarccny. zsrcamcyi. cr r.iccarsamcv: 
and 

X ana Y are .noeoenoently setectec from :ne grouo of nycrogen. oromine. emenne. nuorine. iocine. ammo 
or nycroxyl grcuos. 

5. A crccess acccroing to any of claims i to 3 wnerem R 2 is: 
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20 

wherein R 3 is setected from the group of hydrogen, tnfiuorometnyi or saturatea cr unsaturated u.-* a»kvi 
groups and R 4 is selected from the grouo of hydrogen, hydroxymethyi. tnfluorometnyi. suostitutea or 
unsubstituted. saturated or unsaturated Ci alkyl. bromine, chlorine, fluorine, or icaine. 

6. A process according to any one of claims i to 5 wnerem the comoounc of fcrmuia (1) is selected 
25 from: 

Cis-2-hydroxymethyt-5-(cytosin-l'-yl)-1 t 3-oxathiolane. . trans -2-hydroxymethyl-5-(Cytosin-i -ylH .3-ox- 
atfTioiane, and mixtures thereof: 

Cis-2-benzoyioxymemyl-5-<cytosin-r-yl)-l .3-oxathiolane. trans-2-ben2oyloxymethyl-5-(cytosm-i -yi)-i .3-ox- 

atnioiane. and mixtures thereof: 
30 Cis-2-hydroxymethyl-5-{N*'-acetyl-cytosm.l'-yl)-1.3-oxathiolane. trans-2-hydroxymethyl-5-(N4 -acetyi- 

cytosm-1 -yi)*i .3-oxathiolane. and mixtures thereof: 

Cis-2-ben2oyloxymetnyi-5-<Ni'-ac3tyl-cytosin-i'-yi)-i.3-oxathioiane. trar^-benzoyioxymethyi-S-fN* -acetyl- 
cytosm-i'-ylVi. 3-oxathiolane. and mixtures thereof: and 
Cls-2*hydroxymethyi-5-(cytosin-i -yi)-3-oxo-U3-oxathioiane: 
is Cis-2-hydroxymethyl-5-(N-dimethyiamino;metnyiene cytosm-i -yl)-i ,3-oxathioiane; 
Bis-Cis-2-succinyloxymethyl-5-(cytosin- 1 -yiV- 1 .3-oxathiolane; 

Cis-^enzoyioxymetnyi.5-<6'-cnioroourin-N-d"-yh-i.3-oxaihiolane: trans-2-benzoyioxymethyi-5-(6 • 

cnToroourin-N-9 -ylH 3-oxathiolane. and mixtures thereof; 
Cis-2-hydroxymethyl-5-{6 -hydroxypurin-N-9 -yl)- 1 .3-oxathiolane: 
40' Gs-2-benzoyloxymethyl-5-<uracil-N-l'-ylH ,3-oxathiolane. tW£-2-benzoyloxymeihyl-5-(uracil-N-i -ylH .3-ox- 
atfTioiane. and mixtures thereof: 
Cis-2-hydroxymethyl-5Huracil-N*i'-yn-l .3-oxathiolane; 

Cis-2-benzoyloxymethyl-5-(thymin-N-l '-y()-i ,3-oxatniolane. trans-2-benzoyioxymethyl-5-<tnymin-N-l -yl)-l .3- 
oxathiolane. and mixtures thereof: 
4S Cis-2-hydroxymethyl-5-Uhymin-N-i -yl)-i .3-oxathiolane; 

and pharmaceuticaily acceptable derivatives thereof in the form of a racemic mixture or single enantiomer. 

7. A process accord^ to any one of claims 1 to 5 wherein the compound of formula (I) is Cis-2- 
hydroxymetnyl-5-(cytosin-l -ylH ,3-oxathtoiane. and pharmaceuticaily acceptable aenvatives thereof. 

8. A process according to any one of claims 1 to 7 wherein the compound of formula (1) is obtained m 
so the form of a racemic mixture. 

9. A process according to any one of claims 1 to 7 wherein the compound of formula (I) is obtained 
substantially in the form of a single enantiomer. 

10. A process according to any one of claims 1 to 9 wherein in step (a) the group L is s lected from a 
group consisting of aikoxy carbonyl. iodine, bromine, chlorine or -OR. where R is a substituted or 

55 unsubstituted. saturated or unsaturated alkyl group or R is a substituted or unsubstituted aliphatic or 
aromatic acyl group. 

11. A process according to any one of claims i to 10 wherein step (a) the comoound of formula (VIII) is 
reacted with a silytated purine or pynmiain oas in a compatible solvent in the presence of a Lewis acid or 
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\2. A metnca fcr the creoaraticn cf a srarmaceuticai fcrmuiaticn ccrrcnsmg acmtxing a rcrr.ccur.c 
rcrmuia il) as aennsa in ciaim i or a c^armaceuticaiiy accectaoie cenvative tnereot wttn a snarmaceuncany 
acceoiaoie earner tr.erefor 
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SO 
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